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ELECTRICAL MACHINE HAVING COOLED LAMINATED STATOR AND ROTOR 

CORES AND WINDINGS 

[0001] The present invention relates to an electrical machine having two 
laminated rotor cores, which are arranged on a common shaft at a predetermined 
axial distance and each have axially extending cooling channels, and two 
laminated stator cores, which are associated with the laminated rotor cores. 
Furthermore, the present invention relates to an electrical machine having a 
housing, a laminated stator core and a laminated rotor core, which are arranged in 
the housing and of which at least one has axially extending cooling channels, and 
end winding areas at the end sides of the two laminated cores. In addition, the 
present invention relates to a corresponding method for cooling an electrical 
machine by passing an axial flow of a coolant through at least one cooling channel 
of a laminated rotor core and/or laminated stator core. 

[0002] Electric motors, in particular asynchronous motors, are generally 
cooled by separate ventilation or self-ventilation. In the case of standardized, low- 
power motors, it is generally sufficient for there to be surface cooling. Low-power 
and medium-power traction machines require a higher level of cooling in the stator 
and rotor. For this purpose, axially extending cooling channels in the stator and 
rotor are provided with a coolant on one side. In the case of medium-power and 
high-power industrial machines, axial cooling channels are likewise provided in the 
rotor. The cooling channels are supplied with cooling air on one or both sides, and 
the cooling air emerges through radial cooling channels between two or more 
laminated core elements. In order not to allow the length of the laminated core to 
not become too great, the air gaps between the laminated core elements are only 
a few millimeters wide. 

[0003] One problem when cooling with ambient air consists in the fact that 
the air can become contaminated with particles. However, in the case of a high 
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content of dirt in the cooling air, narrow cooling slots would form relatively quickly 
and impair the cooling effect. In order to prevent this, a heat exchanger is usually 
provided in industrial machines. This ensures that only clean air circulates in the 
interior of the machine. In the case of traction machines, on the other hand, there 
is no installation space available for a heat exchanger owing to the narrow spatial 
conditions. In addition, this heat exchanger increases the temperature of the 
internal cooling air, which in turn limits the performance. 

[0004] If the heat exchanger cannot be used, the cooling air needs to be 
filtered for the narrow cooling slots by means of a fine-pored air filter. In the case 
of a large deposit of dirt, this means changing the filter mat very frequently, which 
is undesirable and is not practicable, for example, in the case of dumper trucks in 
mining. 

[0005] A generic electrical machine is known, for example, from the 
document US 2,610,992. The laminated stator and rotor cores described therein 
have axially extending air cooling channels. 

[0006] The German laid-open specification DE 44 13 389 also describes an 
electrical machine, which has two laminated rotor cores arranged on a common 
shaft at an axial distance from one another, two laminated stator cores arranged at 
a corresponding distance from one another and a cooling device, which has an air 
conveying device and cooling channels extending in the axial direction. Said 
cooling channels are each divided into two sections, as a result of the axial 
distance between the laminated cores, and are connected to the air conveying 
device such that a flow is passed through the two sections of each cooling channel 
in opposite directions. In the annular space between the laminated cores, the 
cooling air is deflected out of an axial direction into a radial direction, or vice versa. 
The axial distance between the laminated cores is in this case selected such that 
the flow cross section available for the cooling air in the annular space between 
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the laminated cores is approximately equal to the sum of the flow cross sections of 
all of the cooling channels opening out directly into this annular space. 

[0007] The object of the present invention consists in ensuring a high 
degree of insensitivity to dirt during intensive cooling of an electrical machine. 

[0008] According to the invention, this object is achieved by an electrical 
machine having two laminated rotor cores, which are arranged on a common shaft 
at a predetermined axial distance and each have axially extending cooling 
channels, and two laminated stator cores, which are associated with the laminated 
rotor cores, the laminated stator cores likewise having axially extending cooling 
channels, and in each case one ring being arranged between the laminated rotor 
cores and the laminated stator cores, each ring having radially extending flow 
channels, which are connected to the cooling channels of the respective laminated 
core. 

[0009] The ring ensures that the coolant flow emerges radially in the center 
of the rotor or stator at an increased flow speed. It is thus possible to reduce the 
risk of dirt particles being deposited in the flow channels. This cooling design 
makes it possible to dispense with small gaps and holes, which could quickly 
become blocked owing to soiling. Furthermore, this cooling design makes cooling 
possible on both sides. This means that cold cooling air can be blown onto both 
sides of the machine. As a result, nonuniform cooling of the stator or rotor can be 
prevented. Nonuniform cooling in the case of air being supplied on one side is 
shown in temperature differences between the two end sides of the laminated 
core. 

[0010] The ring(s) between the laminated rotor and/or stator cores may 
have radially extending webs. In the laminated rotor core, such a ring then has the 
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effect of a blade wheel, which conveys the cooling air to the outside when it 
rotates. 

[0011] The two laminated rotor cores and the two laminated stator cores are 
in each case preferably pressed against one another. The rings between the 
respective laminated cores, possibly with the webs, prevent laminates of the 
laminated core being bent in the radial cooling channel between the two laminated 
cores owing to the compression forces during pressing or magnetic attraction. 

[0012] At least one of the laminated cores can be chamfered at the point at 
which the coolant flow is deflected out of its axial direction of flow into the radial 
direction of flow. This reduces the flow resistance and means that a higher flow 
speed can be maintained. 

[0013] Furthermore, the invention provides an electrical machine having a 
housing, a laminated stator core and a laminated rotor core, which are arranged in 
the housing and of which at least one has axially extending cooling channels, and 
end winding areas at the end sides of the two laminated cores, a cooling channel 
protrusion being arranged at at least one of the cooling channels in one of the end 
winding areas, it being possible with said cooling channel protrusion to deflect a 
coolant out of the housing. 

[0014] Here too, the high cooling power and low sensitivity to dirt are 
achieved owing to the cooling on both sides and the avoidance of small gaps and 
holes. The cooling air is blown axially and/or radially into the motor housing on 
both end sides (drive side and non-drive side), and, after flowing over the stator 
end windings or rotor short-circuiting rings, enters the axial stator and rotor cooling 
holes. In this case, the diameters of the cooling holes and the air speed are also 
selected to be so large that no dirt can be deposited. The air outlet is separated 
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from the air inlet by means of corresponding channels, i.e. cooling channel 
protrusions. 

[0015] Tubes in the form of cooling channel protrusions on the laminated 
stator core are preferably guided through the mounting plate of the electrical 
machine. The exhaust air can thus be guided to the outside through the end 
winding area, into which the coolant is introduced. 

[0016] The cooling channel protrusions on the laminated rotor core are 
preferably parts of the rotor clamping ring or are incorporated into this ring. The 
coolant to be guided away can thus be transported through the end winding area 
up to the mounting plate and, from there, pass to the outside through cutouts in 
the mounting plate. For this purpose, seals should be provided between the 
mounting plate and the rotor clamping ring, such that the coolant to be guided 
away does not flow into the end winding area or into the mount. 

[0017] Two or more cooling channels are advantageously distributed in the 
circumferential direction in the laminated stator core and/or laminated rotor core, 
and every second cooling channel has the cooling channel protrusion at one end 
side of the respective laminated core, and the other cooling channels have their 
cooling channel protrusions at the other end sides of the respective laminated 
core. A flow thus passes through the laminated cores in the circumferential 
direction, alternately in both axial directions. 

[0018] The present invention will now be explained in more detail with 
reference to the attached drawings, in which: 

[0019] FIG. 1 shows a cross-sectional view of an asynchronous 
motor in accordance with a first embodiment of the present invention; and 
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[0020] FIG. 2 shows a cross section through an asynchronous motor 
in accordance with a second embodiment of the present invention. 

[0021] The following exemplary embodiments represent preferred 
embodiments of the present invention. The asynchronous machine illustrated in 
figure 1 has a shaft 1, which is mounted in mounting plates 2. A housing section 3, 
which extends in the circumferential direction, completes the housing of the 
electrical machine. 

[0022] The stator 4 of the asynchronous machine has two laminated core 
elements 41 and 42, which are pressed against one another. Located between 
them is a ring 5 having radially extending webs 51, 52 on both sides. 

[0023] The rotor 6, which has been attached to the shaft 1 by shrink-fitting, 
has a similar design. It also has two laminated rotor cores 61 and 62 and a ring 7, 
lying therebetween, having radially extending webs 71 and 72 on both sides. 

[0024] The coolant flows on both sides of the laminated stator core through 
cutouts 31 and 32 into the respective end winding area. From there, it flows 
through cooling channels 411 and 421 of the stator 4 to the gap between the 
laminated stator cores 41, 42, in which the ring 5 is located. The webs 51 and 52 
provide corresponding flow channels in the radial direction to the outside. The 
coolant flows out of the housing of the asynchronous machine through a cutout 33. 

[0025] Some of the coolant flowing into the cutouts 31, 32 flows past the 
end windings and short-circuiting rings into cooling channels 611 and 621 of the 
laminated rotor cores 61, 62. Here, too, the coolant flows, extending axially 
inwards, are deflected radially to the outside in the center by the ring 7 or its 
webs 71, 72. 
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[0026] The rings 5 and 7 thus have the dual function of supporting the air 
guidance and stabilizing the laminated core. The webs 71, 72, which guide radially 
to the outside, convey the air to the outside owing to the rotary movement of the 
rotor. If the asynchronous machine is only designed to have one direction of 
rotation, the webs 71, 72, possibly also the webs 51, 52, can be correspondingly 
curved in the circumferential direction in order to reduce interference noise. 

[0027] In order to reduce the flow resistance, the edges 410, 420, 610, 620 
can be chamfered or rounded off (not illustrated in the drawing). This makes it 
possible to increase the radial flow speed after deflection. 

[0028] In order to protect against abrasion, those parts of the stator coils 
which are located in the gap are surrounded by a protective sleeve (likewise not 
illustrated). 

[0029] The second embodiment of the present invention is illustrated in 
figure 2. The components, which correspond to those in the first embodiment, are 
identified by the same references. In this regard, reference is made to the 
description relating to figure 1 . 

[0030] The integral laminated stator core 43 is provided with an axially 
extending cooling channel 431 . In the left-hand end winding area (as seen in the 
illustration), the cooling channel 431 continues to be passed through a tube 81 as 
the cooling channel protrusion. The tube 81 passes through the mounting plate 2 
at its other end. In the case of the next (in the circumferential direction) axial 
cooling channel through the laminated stator core 43, the tube 82 extends through 
the right-hand end winding area and the right-hand mounting plate 2. The coolant 
thus flows to the right in the cooling channel (not illustrated in the upper half of 
figure 2 but illustrated in the lower half) and to the outside via the tube 82. In the 
cooling channel 431 (sectioned in figure 2), which lies upstream thereof in the 
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circumferential direction, on the other hand, the coolant flows to the left and to the 
outside through the tube 81. 

[0031] A similar picture results as regards cooling the laminated rotor core. 
The integral laminated rotor core 63 has an axial cooling channel 631. The 
laminated rotor core 63 is held together by rotor clamping rings 91 , 92. A flow 
channel 911 is incorporated into the left-hand rotor clamping ring 91. The flow 
channel 91 1 opens out into a cutout 21 in the mounting plate 2. This results in a 
flow of coolant which passes from the outside, through the cutout 32, into the 
housing of the asynchronous machine, through the right-hand end winding area, 
past the end windings and the short-circuiting ring into the cooling channel 631, 
through the flow channel 911 as the cooling channel protrusion and finally through 
the cutout 21 in the mounting plate to the outside. In the next (in the 
circumferential direction) cooling channel of the laminated rotor core 63, the flow is 
in the opposite direction. For this purpose, a corresponding flow channel (not 
illustrated) is provided in the rotor clamping ring 92 and guides the coolant out of 
the cutout 22 in the right-hand mounting plate. 

[0032] A seal (not illustrated), for example a labyrinth seal, is arranged 
between the rotor clamping ring 91, 92 and the mounting plate 2 in order to 
prevent some of the cooling air from passing directly to the outside again. 

[0033] The axially extending cooling channels both in the embodiment 
shown in figure 1 and in that shown in figure 2 can be arranged radially and in the 
circumferential direction in any desired manner in the laminated rotor and stator 
core. For reasons of simplicity, the drawings only illustrate cooling channels in the 
laminated stator and rotor core on in each case one circumferential surface with a 
constant radius. Furthermore, the flow direction of the cooling channels, in 
particular in the embodiment in figure 2, may be selected in any desired manner. It 
is merely necessary to take care that the distribution of cooling channels with 
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different flow directions is approximately equally distributed in the circumferential 
direction. This thus prevents nonuniform cooling of the laminated cores and the 
windings. 

[0034] An electrical machine according to the invention can be used in 
particular in environments where the cooling air contains a relatively high dirt 
content. 

[0035] Heat exchangers cannot be used in traction machines owing to the 
narrow spatial conditions. These heat exchangers increase the temperature of the 
internal cooling air, which reduces the performance of the traction machine. 

[0036] Without heat exchangers, a fine-pored air filter is required in the case 
of small slots between the laminated core elements. 

[0037] If there is a high content of dirt in the cooling air, the filter mat will 
need to be changed very often. 

[0038] An electrical machine according to the invention is therefore also 
particularly suited for driving dumper trucks in mining. 
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